Introduction
In the last several decades the number of the patients with impaired left ventricular ejection fraction (EF) due to ischemic cardiomyopathy has increased. Although improvements in medical therapies and surgical techniques have been achieved, the management of patients with coronary artery disease (CAD) and low EF is still challenging. Optional treatment modalities for this patient cohort include medical therapy, surgical revascularisation and heart transplantation. Medical treatment per se is because of limited long-term survival and is not an optimal treatment solution. Mortality in patients with impaired EF receiving only medical treatment over 5 years ranges between 20% and 30%, and rose up to 50% at 10 years [1, 2] . In contrast, heart transplantation as a treatment modality for ischemic cardiomyopathy offers excellent survival of 65.6% over 5 years, however, only 10% of patients being listed to the transplantation may receive a corresponding organ, because of a shortage of donor organs [3] . Coronary artery bypass grafting (CABG) has shown to be superior to medical therapy alone for low-EF patients with 5-year mortality of 10% and about 20% mortality after 7 years [1, 3, 4] . However we have to be aware that early, as well as long-term, morbidity and mortality for patients with impaired EF following CABG is significantly elevated compared to patients with normal EF [1] . Many require an early postoperative period, prolonged inotropic support, prolonged intubation and longer hospitalisation. It is true that recently, improvement in operative techniques and peri-operative management has decreased peri-operative as well postoperative mortality and morbidity in this patient population. In recent literature little is known about the results of successful CABG in octogenarians with impaired left ventricular EF. Since life expectancy in western countries is constantly increasing, and we believe it is just a matter of time until this patient group will be regularly addressed to the surgery. The aim of this retrospective study was to evaluate intra-operative and mid-term follow up results after primary CABG in patients with moderate to severe impaired preoperative left ventricular function being treated in the period between January 2000 and December 2009.
Patients and methods
Between January 2000 and December 2009, 88 octogenarians with impaired left ventricular EF who underwent elective primary CABG at the University Hospital in Lausanne, Switzerland, were enrolled in this retrospective study, as-sessing data collected in a prospective continuous way. Local Medico-Ethical Review Committees approved the study. As a control group, 59 octogenarians who also underwent primary CABG with normal left ventricular ejection fraction were included. Exclusion criteria were recent cardiogenic shock, emergency CABG, off-pump CABG, and concomitant procedure such as a valve replacement and/or reconstruction. Preoperative patient characteristics are summarised in table 1. A EuroScore II validation for each group was calculated. Congestive heart failure was defined according to actual guidelines of ESC [5] . Primary endpoints were: in-hospital mortality as well mortality during follow up. Secondary endpoints were evolution of LVEF during follow up and incidence of major cardiovascular events (myocardial ischemia and neurological events).
Preoperative evaluation of left ventricular function
In all patients (n = 147), left ventricular EF was investigated by preoperative transesophageal echocardiography. For this, the 4-apical chambers method was used. In 59 patients left ventricular EF was >50% (Group I), in 59 EF was <50% and >30% (Group II), and in 29 patients EF was <30% (Group III).
Surgical technique
All patients underwent isolated CABG and a similar surgical technique was used in all cases. After sternotomy, harvesting of the internal mammary artery and saphenous vein was performed, cardiopulmonary bypass (CPB) was established by cannulation of ascending aorta and right atrium. Surgery was performed in normothermia. Crystaloid (St. Thomas) cardioplegia was intermittently given through the ascending aorta. Complete revascularisation was achieved.
Follow up
Follow up was performed by telephone calls to the patients, referred cardiologist and personal physicians. The information regarding the patient's general wellbeing was obtained from patients. For detailed information of non-heart related events, personal physicians were contacted. For all cardiacrelated events the referred cardiologists were addressed. In follow up, major cardiovascular events such as myocardial ischemia (new onset of angina, myocardial infarction), stroke, need for coroangiography with or without intervention, and evolution of left ventricular ejection fraction were registered.
Statistical analysis
Statistical analyses were performed using SPSS software, version 18.0 (SPSS, Chicago, IL, USA). Data were tested for normality and equal distribution via the KolmogorovSmirnov test and were assessed for skewness and kurtosis. Data was presented as mean and standard deviation (SD) for continuous variables, or as percent frequencies for categorical variables, unless otherwise specified. ANOVA with pairwise post-hoc tests (Bonferroni, and Dunnet-T3) were applied to compare continuous variables between patient groups with different preoperative LVEF (table 1 and 2). Chi-square test or Fisher's exact test were used for categorical variables. Logistic stepwise regression analysis was used to model the event probability of first mortality during hospitalisation and second mortality during follow-up. Included were variables showing a significant correlation with the abovenamed dependent variables: (1): For mortality during hospitalisation: Left main stem coronary disease, diabetes, Left IMA pump duration longer than 100 min intra-aortic balloon pump re-operation for bleeding postoperative (postop.) severe heart failure, postop. myocardial infarction, postop. atrial fibrillation, postop sepsis; and (2) for mortality during follow-up: Hypercholesterolemia preop. renal failure usage of the left internal mammary artery as free graft, a decrease of the ejection fraction (EF) of more than 5% during follow-up (FU), EF below 40% at FU. For a binary model, the continuous variables pump duration, EF decrease during FU, and EF at FU were transformed into categorical variables using receiving operator characteristics analysis for an optimal cut-off. Survival was assessed via Kaplan Meier curves among patients with different preoperative EF, as well as in patients with the newly defined EF-variables correlated with mortality (EF decrease more than 5% during follow-up, EF below 40% at FU). We also compared survival between EF groups using a Cox proportional hazards model. Two-sided tests were also used throughout the analysis and p values <0.05 were considered significant.
Results
Mean age in Group I was 81.9 ± 1.8 years (range 80-88), 81.8 ± 1.8 years (80-88) in Group II, and 82.7 ± 2.3 years (80-87) in Group III. The preoperative characteristics of patients in all three groups are shown in table 1. Mean ejection fraction in Group I was 62.7 ± 6.2%, in Group II 45.3 ± 4.2%, and in Group III it was 24.6 ± 4.6%. The prevalence of COPD, active smokers, impaired renal function cerebrovascular events and hypertension did not show any significant difference among the three groups (table 1). The frequency of preoperative myocardial infarction was significantly higher in Group III compared to Group I (p = 0.023). Diabetes as well congestive heart failure were equally represented in all three groups. Logistics EuroScore II was significantly higher in Group II and Group III compared to the normal EF group (table 1) . Overall distribution of coronary artery vessel disease distribution within the 3 groups showed no significant difference. Frequencies of triple vessel disease with left main trunk obstruction was higher in Group II compared to Group I and Group III (30.5% vs. 15.3% and 6.9%). In contrast, isolated left main trunk obstruction was less frequent in
Figure 2
Kaplan-Meier analysis to compare survival between patients with differences between entry-and follow-up ejection fractions (EF) below 5% (*) and equal or above 5% (**). Median survival (CI95) was significantly different between patients with difference of EF below 5% (100.7 months [74.6-104.8]) and equal or above 5% (65.5 months [55. 4-75.6 ], p <0.01).
Group III with 17.2% compared to Group I and II with 33.9% and 37.3%, respectively.
Operation details
Mean CPB time in Group I was 86.9 ± 40.1 min, 85.9 ± 26.7 min in Group II, and 98.5 ± 40.4 min in Group III. Cross-clamp time in Group I was 52.9 ± 20.5 min, 62.6 ± 19.4 min in Group II, and 65.6 ± 21.6 min in Group III. All procedures were performed on CPB by using a single cross-clamp technique. Regarding cardiopulmonary bypass
Figure 3
Kaplan-Meier analysis to compare survival between patients with follow-up ejection fractions (EF) equal or above 40% (**) and below 40% (*). Survival was significantly different between patients with follow-up EF equal or above 40% (median (CI95) 
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Predictive factors for mortality
The results of the last steps of stepwise logistic regression analysis for in-hospital mortality and mortality during follow-up are demonstrated in table 3. Parameters with an OR of 0 were omitted (Re-operation for bleeding, postop. severe heart failure, postop. myocardial infarction) Postoperative atrial fibrillation was shown to be an independent predictive factor for in-hospital mortality (Odds ratio (OR) 21.4 (95% confidence interval (CI): 1.6-294.5; p = 0.022).
Usage of left internal mammary artery as a free graft was an independent predictive factor for mortality during follow up (OR 18.1 (CI95%: 1.5-216.2; p = 0.021)). Furthermore the decrease of EF for more than 5% during follow up (OR 5.2 (CI95%: 1.7-13.8; p <0.001)) ( fig. 2 ) and ejection fraction below 40% at follow-up (OR 4.8 CI95%: 1.7-13.1; p <0.01) were also registered as independent predictive factors for mortality during follow up ( fig. 3 ).
Discussion
Patients with coronary artery disease and advanced ventricular dysfunction have poor prognoses with medical treatment alone. According to the recent literature, 5-year survival in patients with tree-vessel disease and impaired left ventricular EF after onset of medical treatment ranges between 20% and 30% [4, 6] . 
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In contrast, following surgical revascularisation 5-year survival is at 65% and is superior compared to results of a conservative treatment modality [6] . Following CABG as independent predictive factors that may negatively influence short as well as long-term survival, apart from left ventricular function, age was identified as the most frequently cited risk factor [7] [8] [9] [10] [11] . Indeed the peri-operative mortality in the low EF patients cohort [6] following CABG ranges between 3.8% and 10.5%, and is about 4 times higher than mortality registered in a normal EF patient group [8, 9] . The same tendency may be registered for the mid-term result where the 5-year mortality, varying from report to report, shows a large variability, ranging between 17% and 44% [6, 8, 9] . To date, however, to our best knowledge, no report has been published stressing the mid-term results of CABG in octogenarians with impaired left ventricular function. Weighting both risk factors in a single-outcome cohort would provide important information for decision-making prior to surgery, angioplasty and conservative therapy. In modern times, as we are facing growing life expectancy, this is becoming an important issue to consider. According to aforementioned reports it would be not surprising that the addition of risk factors such as advanced age and impaired EF would tremendously elevate perioperative as well mid-term mortalities.
In this study we evaluated perioperative as well mid-term mortality along with the incidence of major cardiovascular events in octogenarians with ischemic cardiomyopathy following CABG. In-hospital mortality in the low EF patient group was 10.3% and 15.3% in the moderate EF group. This is comparable to results in other recent literature [6, 11] , where the mean age of patients was younger by almost two decades and in-hospital mortality ranged between 4% and 10%. The same may be stated for a mean follow-up time of about 40 months, where 45.8% mortality was registered in the low EF group, 36.0% mortality in moderate EF, and 35.1% mortality in normal EF group ( fig. 1 ). Low and moderate EF group mortality are comparable to the results of STICH trail [12] and meta-analysis of Kunadian where 5-year mortality in low EF was reported to be slightly under 40%. Note that both reports cited a mean age of the population about two decades younger. The logistic EuroScore II in all three groups was >12% [13] , although for the high-risk cohort reported herein, our results were lower compared to rates in recent literature [6, 8, 9] . This in some degree may be due to very meticulous surgical techniques such as usage of the single-cross clamp technique in elder patients, a no-touch technique for coronary graft harvesting, and last but not least superb postoperative management in ICU for these high-risk patients. On the other hand, we noticed that age in our cohort was not a predictive factor for either short-or mid-term mortality following CABG in an impaired EF patient population. To a greater extent than patient age, a reduction of EF of more than 5% in follow up and EF inferior to 40% during the follow up were directly correlated to mortality ( fig. 2  and 3 ). Left EF decreases under 5% during a median of 40 months was a predictive factor for mortality. Patient survival compared to those who improved in their function for more than 5% was significantly different. This decrease of EF may be explained due to a silent ischemia [14] that may on the one hand be a consequence of incomplete revascularisation, and on other hand a progression of native coronary sclerosis. These results have to be interpreted with caution, as a 5% difference in the transthoracic echo investigation is a relative number and may have a strong investigator correlation. When looking at the numerical difference in EF, one has to note that the evolution of EF per se plays an important role. This would suggest the positive influence of viable myocardium and recuperation of hibernating musculature after revascularisation was performed. According to our results, we believe that CABG may be successfully performed in octogenarians with impaired EF preoperatively with acceptable perioperative as well as mid-term results. This is also true for low EF patient groups. Perioperative mortality was inferior by 15% and is comparable to the in-hospital mortality rates of younger patients in the literature. Furthermore, we believe that inhospital mortality may be reduced with advanced therapy modalities in the ICU to reduce intubation time and ICU stay. Also worth noting is that EF changes during follow up plays an important role in mortality. Thus may suggest that the assessment of viable myocardium is an essential component to predict mortality in this patient group. OR = odds ratio; CI95% = 95% confidence interval; Postop. = postoperative, cor. = coronary; IMA = internal mammary artery; EF = ejection fraction; FU = follow-up.
Study limitations
One limitation is that preoperative as well as follow up transthoracic echocardiography investigations were not performed by the same investigators in all cases. In an ideal scenario there would be only a few investigators involved in performing preoperative procedures, as well as in follow-up echocardiography. A further negative influence of free IMA graft on survival cannot be clearly explained. This is due to a very low case load (n = 4). As such, a larger cohort of elective CABG cases should be investigated to compare free IMA groups versus in-situ IMA.
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Figure 1
Kaplan Meier analysis of survival between patients with EF >50% (*), 50%> EF >30% and 30% >EF showed no difference over 40 months. 
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Figure 3
Kaplan-Meier analysis to compare survival between patients with follow-up ejection fractions (EF) equal or above 40% (**) and below 40% (* 
